Introduction
Chinese agriculture is based upon the efforts of the 214.5 million rural households, 90% of which are engaged in agriculture (National Bureau of Statistics of China, 2002a) . These households, through a system of "household responsibility", farm 95% of the 130 million hectares of cultivated land, giving an average cultivated area per farm of 0.636 ha. The cultivated land per capita in China is 0.107 ha which is less than half that of the mean value for the world. The level of mechanization is extremely low, influenced to a great degree by the size of cultivation unit. Whereas agriculture accounts for 50% of the total Chinese labour force, it produces only 15% of GDP. These few statistics convey a number of critical messages:
(i) China's dependence on her own food production can only be precarious;
(ii) Incomes in agriculture are less than 30% of the average across all sectors;
(iii) The contribution of agriculture to economic development will depend on the rise in the land/labour ratio and increased mechanization;
(iv) This in turn has implications for the surplus labour in agricultureit must be absorbed into value added creating activity off-farm.
The process of movement out of agriculture and into alternative employment has been in train for some time. There are three main policy impacts on the absorption of surplus agricultural labour ( Cui, 1998) :
The relaxation of government control on labour movement through the 1980's;
(ii) The support of town and village enterprises (TVE) and private enterprises through tax privileges and technical support which developed through the 1980's and were increasingly privatized throughout the 1990s; and (iii) Foreign direct investment (FDI), primarily in the coastal zones centered on large cities.
The much stronger development of enterprises in the East and Middle regions relative to the West (only 15% of total) and the inflow of FDI in the coastal zones have given rise to inter-regional labour movements of the surplus agricultural labour (Table 1 ) . It is clear that these movements are dominated by the pull from the East where FDI is predominantly located and where
TVEs are most active. Forty percent of migration from the West is out of province, in contrast to about half this in the East. Source: Cui, 1998. Agriculture is not homogeneous across China. Some indicators of development suggest that the East is more developed than the West or Middle.
Although the average land area per worker is smaller in the East than the West or Middle, it has a much smaller share of the hill land, a much larger share of irrigated lands and a considerably larger share of motorized machinery (Table   2) . Source: Derived from National Bureau of Statistics of China (2002,a and b) In addition, as one moves form West to East there is a much lower dependence on agriculture as a source of income (Table 3) . Thus, 96% of rural households in the West are at least partly dependent on agriculture (AHH) compared with 85% in the East. Four percent and 15 percent respectively are not dependent on agriculture (NAHH). In the West 70% of agricultural households are "pure" agricultural households (PAHH), while the rest are either partly (HHANAA) (26%) or mainly (HHNAAA) (4%) dependent on non-farm income; in contrast, in the East, only 53% of "agricultural"
households are "pure" agricultural households, while the remainder are partly (43%) or mainly (5%) dependent on non-farm income. Government, 1999) and is at an altitude ranging from 1716-2163 m.
According to the village statistics (Kelang Government,1999) Source: (Kelang Government, 1983 .
The main crops are rice, tobacco and maize, with lesser amounts of wheat, beans, soybean, vegetables and fruit. Cultivated lands in upland areas have major problems, which include lack of water, poor water retention and soil erosion.
Employment
According to official Kelang village statistics (Kelang Government,1999 primarily to a drop in tobacco and non-tobacco crop incomes (Figure 1 ).
Tobacco was the most important single component of farm income prior to 1997. However, due to a government policy aimed at curtailing tobacco production, it lost its previous status. Source: Kelang Government,1999 Agriculture is no longer the primary source of farm household income, with the share having declined from over 70% in 1995 to less than 30% in 1999 ( Figure 2 ). This is partly due to the significant drop in agriculture incomes, but also to an increase in off-farm incomes. The growth in off-farm income is led by transport and manufacturing industry, followed by commercial services and construction, all of which have grown significantly in absolute terms since 1996 ( Figure 3 ).
Household characteristics (Survey results)

Sample
A sample of 100 households provided detailed information on a number of parameters and attitudes of Kelang households. The sample comprised 65 farmers from among those who had plots in the target catchment, and a further 35, selected from the rest of the village in order to get a statistically representative sample, in terms of household mix according to income level.
Household size
The average household size in the sample is 4.56 and most households (63%) have either four or five members, with a further 26% having either three or six members (Table 6 ). Approximately three-fifths of households have two parents with two children.
This accords with the general profile of families in rural China and reflects the two-child policy that applies in rural areas where agriculture is the predominant means of livelihood. There is a considerable amount of intergenerational co-residence, with many families having either parents or grandchildren of the basic stem family living together in one household.
Source: Kelang Government ,1992 -2000 Source: Kelang Government ,1993 -2000 
Characteristics of the head and second member of the household
In most cases (92%), the head of the household is male. The average age of the head is 41.7 years. The level of education attained by almost half of the heads of household (49%) was a few years of primary school and many of the heads were unable to read or write, or had a limited ability to do so. A further 29% had completed primary school, 17% had completed junior school, 3%
had completed senior school and only 1 had post-secondary education.
The second member of the household is usually female (90%) and 88% are listed as the wife of the head. The education level is lower in the second member of household, with 65% having received a few years of primary school only. A further 30% had completed primary school; 4% had completed senior school and again, 1% had post-secondary education. This pattern of relatively lower education levels for females reflects findings in the literature on education levels and gender in China.
Socio-economic status
Household income source
The household sample was stratified according to three income levels, low, middle and high, in proportion to their occurrence in the village * . The average income of the richest category was over seven times that of the poorest (Table   7) . The results show an inverse relationship between income level and reliance on agriculture. The poorest category derived 67% of its income from agriculture, whereas the richest category derived only 16%. 
Perception of most important factors for economic well-being
When asked to rank the factors, which most influence their level of wellbeing, respondents ranked training in non-agricultural activities highest, followed by the provision of better health care, control over more agricultural land and better agricultural machinery.
Time preference of farmers
An experiment carried out, as part of the household survey, to measure farmers time preference (rate of return implied by foregoing a present given income in favour of a larger future income), suggests that, whereas farmers, in general, have a high time preference, poorer farmers have a much higher time preference than richer farmers. Consequently, from a policy point of view, farmers and in particular poorer farmers require a high level of inducement to undertake environmentally sustainable agricultural practices, which yield long-term benefits.
Land Use and Agricultural Production
Results from the household survey indicate that the average size of paddy holdings for each household is 1.25 mu (10% above the village average) and the average size of upland area holdings is 2.11 mu (15% above the village average). However, the latter includes unofficial land, which is brought into use by farmers. In addition, there is an active unofficial rental market. Among the households surveyed, 11% rented on average an extra 1.3 mu of paddy land and 35% of households rented on average an extra 2 mu of upland. Only 14% of upland is irrigated.
The average household income from farming is 2894 Yuan, 83% of which is derived from crop production.
Approximately 90% of the total crop production value comes from summer crops (rice, tobacco and maize). Four-fifths of labour days are spent on summer crops and 20% on autumn crops (wheat, peas, beans and barley).
Tobacco is the principal crop in terms of returns to labour. It accounts for 57% of the total value of crops, uses 45% and 40% of fertilizer and other materials, respectively, and uses 46 of labour (Table 8) . It provides 60% of the net return to labour. Rice is the second most important crop in contributing to returns to labour, followed by broad beans and barley. The average return to labour per manday is 20.57 Yuan; the highest return is from tobacco, followed by rice and broad beans ( Table 9 ). The lowest return is from wheat. Thus crops take up less than 20% of available household labour. 
Attitudes toward off-farm employment
A very strong preference was expressed for off-farm employment, where the choice existed (Table 10) . Only 42% preferred on-farm employment in Kelang, while 58% preferred off-farm employment and 29% would prefer employment outside Kelang village. In response to the question, "Do you anticipate that your children will be cultivating the same plots you are in, in years to come?" a large majority of respondents (69%) did not wish to see their children cultivate the plots (Table   11 ). Many respondents rank training in non-agricultural activities and the provision of better health care as of more importance to the economic wellbeing of their family than having more agricultural land and/or better agricultural machinery.
These results lend further support to the increasing importance of nonagricultural activity in rural China, which has been highlighted in the literature.
New Catchment Management Practices
Measures introduced
The Project team, in conjunction with Kelang villagers, devised an integrated plan of measures for catchment management, which included both biological and engineering elements. These measures were implemented in a catchment, of 40.1ha, which included arable plots belonging to 163 households.
Biological measures
The broad objectives of the biological intervention were to curb environmental degradation of the catchment and improve the income of the local farmers. The specific objectives of the biological intervention were:
(i) Enhance soil fertility while curbing soil erosion on slopes < 25 degrees;
(ii) Reduce soil erosion on slopes > 25 degrees; and (iii) Generate alternative output on the slopes > 25 degrees (sweet chestnuts, fruits of prickly ash (for medicinal purposes) and pine (wood)
In the upper part of the catchment, pine trees were planted on the barren hills and in gaps in the forest; Chinese prickly ash tree were planted on sloping arable land and barren hills. In the middle and lower part of the catchment, sweet chestnut trees were planted on barren hills and on cultivated land with slopes >25 degrees.
Fields with a slope <25 degrees will continue to be used for cultivation. Grass strips between rows was also introduced in the catchment.
Engineering measures.
Five water storage ponds and a water supply pipe system were constructed to provide irrigation water for crops planted in the catchment, while three check dams have been built close to the village at the lower part of the catchment. A division ditch was built to divert runoff and prevent gully enlargement at the top of the newly formed gully in the upper part of the catchment. A meteorological observatory was established near the experimental plots to record rainfall, temperature, humidity, wind velocity and direction and solar Table 12 .
Alternative cultivation methods.
Scientific experimental plots were set up in the catchment to test the effect of the different "treatments" or cultivation methods. In parallel with this 100 plots were selected from the lands of 65 farmers who farm in the catchment.
The farmers were encouraged to cultivate these 100 plots ("experimentally") using one or other of the suggested methods. Results are available for the scientific experimental and farmers experimental plots for 1999 (Table 13) and 2000 (Table 14) .
The "Contour and polythene" method is the superior method in terms of return per labour unit in the scientific experimentation. However, it is clear that all agricultural practices give a superior return to labour than can be earned offfarm, even "D" the down slope traditional cultivation method. It is interesting to note that the return per manday from cultivation method "D" on the scientific experimental plots is over twice the average obtained by the 100 households from maize production over all land plots cultivated (see Table   11 ).
The farmers in cultivating the 100 plots in the catchment showed a strong preference to stay with the "down-slope" traditional method. Although 42 farmers did take on the "contour" method in 1999, this declined to 27 in 2000.
The sample sizes are too small to place much confidence in the results of any of the alternative practices. scientific experiments and what farmers can achieve, even on an experimental basis. It is clear overall that there is a much higher use of labour per hectare on the farmers plots, which is partly explained by the fact that the farmers counted in the travel time to and from the fields. Also, the output obtained is much lower and material inputs were considerably higher. So, all cultivation methods gave a very low average return to labour. Even if the labour input used in scientific experiments is applied to the net returns achieved from the farmers plots, the average return per labour unit is extremely low compared to the experimental results, but not too dissimilar from the village average. However, the marginal return to the additional labour required for the "contour" method over the "down slope" method is significantly higher than the average return per labour unit. (iii) If farmers can get off-farm employment, at 10 Yuan per day or more, it is more remunerative than working the marginal hill land for maize cultivation. However, if a farmer must engage in farming the hill land, then it is best to incur the extra labour cost to engage in the more advanced but more environmentally friendly cultivation methods.
Irrigation.
The cost of the irrigation pond consists of the capital cost, running cost and opportunity cost of labour. Benefits come from the increased yields of crops and fruit due to irrigation. The yield of crops is calculated to be 30% higher and fruit yields ~20% higher than cultivation without irrigation. Labour costs are ~10% higher with irrigation. For the first five years, the net present value from irrigation (NPV) is negative, because the capital investment is very high but, after several years, the capital investment will be repaid and the NPV will increase. If the irrigation system is used in conjunction with new cultivation practices, the investment will be repaid in at least five years.
Tree planting
The benefits of tree-planting will be realised in the long-run. During the first five years, there is no benefit from trees in terms of cash crops e.g. sweet chestnut and prickly ash. From the 6th year to the 10th year, there is little benefit from fruit. After 10 years, maximum yield of fruit will be obtained, leading to higher benefits. So, tree-planting is a long-term project. According to calculations of the net present value, in 10 years time, the investment will not have been repaid, but in the longer term (after 15 years) the benefit from tree-planting will be high. Tree planting is beneficial for the environment and to help conserve soil. However, actual measurements were not made in this study.
Attitude of farmers to catchment management practices
New cultivation practices
Just over 76% of respondents said they would be willing to adopt the new techniques, while 24% were unwilling to do so. Nevertheless, although 63% of the farmers plots were cultivated according to new methods in 1999, this dropped to 39% in 2000.
Tree planting
Less than half of those who had chestnut trees planted on their land thought the effect would be positive, while one-third thought it would have no effect and less than one-fifth thought it would have a negative impact. Only seven farmers had prickly ash trees on their land. Three of these thought the effect would be positive, while the same number expected no effect and one expected a negative effect.
All of the 46 farmers who had pine trees on their land saw this as beneficial and cited environmental reasons, such as "soil conservation" for their attitude.
Irrigation ponds
An evaluation of the overall effects of the irrigation scheme suggests that, while benefits less costs are negative in the short run, they are positive in the long run. The project needs to run for at least five years before the amount invested in the irrigation scheme is recovered.
In the course of the household survey, willingness-to-pay for irrigation was tested. The results show that 85 households would be willing to pay for an irrigation pond, with only 15 refusing to pay (Table 15) . However, the amounts that households stated they would be willing to pay were relatively low. agriculture is the main source of income. There is a keen awareness of the lack of opportunity on the land and overwhelming preference is for off farm employment both for the present adults themselves and their wishes for their children. If this means leaving Kelang, they are willing to do so. Indeed, 25% expressed a wish to move out of the Kedu Township. The level of education is extremely low. This is perceived as a disadvantage and in terms of priorities, training in off-farm activity is ranked ahead of medical services, increased land area and machinery in order of preference. However, the predominant view was that they themselves had little or no influence on the decisions affecting their lives. The scientific information on the tree planting shows clear long term benefits, particularly with regard to the sustainability of the catchment farming. The irrigation results were also very positive and profitable in the long term.
However, it is clear that, given the high time preference of farmers and the relatively long payback period, that farmers would not undergo this investment of their own accord, despite again expressing a willingness in interview to undergo such investments.
Although the benefits of catchment management to the productivity and sustainability of the catchment and thus to the short and long term benefits of the farmers have been established, it is not clear that the farmers are willing or capable of implementing such a system. Particularly, in the context of the integrated system of farming and off-farm engagement which is the norm, household behaviour does not focus on just one element, like improved hill farming practice, but on the totality of the integrated system and the impact that change in some elements of the system might have on its overall wellbeing.
Movement away from a well established historical orientation of the integrated system is unlikely to arise in the absence of significant and obvious benefit. Such significant benefits are more likely to come from more holistic approaches to improve farm incomes, particularly those who see farming as their main occupation, such as alternative high income crops and flexibility in the land use legislation which would give legal access to land to the more productive farmers.
It would appear that the state must make most of the capital investment in regard to soil erosion prevention. However, the wider impact of stabilising the catchment and preventing soil erosion on downstream flooding would reinforce the social justification for such investment.
This study has made it clear that public policy toward rural regions will play a critical part in its future development. It will include improved education and training with regard to both on and off-farm activity, investment in erosion prevention measures as well as the creation of off-farm activity to absorb the surplus labour.
